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RECORDING POLE FOR DELIVERING COINCIDENT 
HEAT AND MAGNETIC FIELD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of co-pending provisional patent application Serial 
No. 60/390,989 entitled "Method of Delivering Coincident Heat and High Magnetic Field", filed 
on June 24, 2002, the entire disclosure of which is incorporated by reference herein. 
STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

This invention was made with United States Government support under Agreement No. 
70NANB1H3056 awarded by the National Institute of Standards and Technology (NIST). 

The United States Government has certain rights in the invention. 
FIELD OF THE INVENTION 

The present invention is directed toward heat assisted magnetic recording in general and, 
more particularly, toward a recording pole delivering coincident heat and magnetic field for heat 
assisted magnetic recording. 
BACKGROUND OF THE INVENTION 

The ability to increase the data storage capacity in magnetic recording processes is an 
ongoing concern. As the amount of information to be stored continues to increase, the demand 
for higher density recording also continues to increase. Heat assisted magnetic recording 
(HAMR) is a proposed technology for increasing the storage density of conventional magnetic 
recording devices. Heat assisted magnetic recording combines facets of both optical and 
magnetic recording in an effort to increase storage capacity. 

Conventional hard disc drives rely on a magnetic field produced by a small recording 
pole formed on a recording head. The recording head and recording pole are on a slider that 
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"flies" across the surface of the disc as the disc spins. The magnetic field from the small 
recording pole needs to be sufficient to overcome the coercivity of the magnetic recording 
medium in the disc in order to define the recorded bits along the recording track in the recording 
medium. 

As the storage density of disc drives increases, the size of the recorded bits in the 
recording medium must correspondingly decrease. Additionally, the individual magnetic grains 
which make up a recorded bit must also decrease in size to maintain approximately the same 
number of magnetic grains per bit cell in order to ensure a sufficient signal-to-noise ratio (SNR). 
However, as the size, and hence the volume, of the magnetic grains decrease, the thermal 
stability of the grains will also decrease unless the coercivity of the recording medium is 
increased. Thus, improved thermal stability is required in order to manufacture magnetic 
recording media for higher storage densities, such that, when the media is written upon, the 
recorded bits should not change magnetization direction simply by thermal fluctuations. 

In order to provide for increased thermal stability, it is necessary to provide a recording 
medium having a high crystalline anisotropy (Ku). Such materials will also have a high 
coercivity and will be much more difficult to magnetize than conventional recording media. 
Heat assisted magnetic recording is one proposed technique for overcoming this difficulty. It is 
known that the coercive force of the recording media is lowered with elevated temperature. 
Therefore, if the temperature of the recording media is raised during writing, it will be possible 
to write information on the disc with a lesser strength magnetic field than if the recording media 
were not heated. When the recording media is subsequently cooled, the information on the 
media is thermally stable due to the high coercivity of the media. Heat assisted magnetic 
recording reduces the coercivity of the magnetic grains during recording by optically heating the 
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spot to be recorded. However, in order to do this, the heat, i.e., light, and the magnetic field must 
be delivered coincident at the same location on the recording media. 

The present invention is directed toward overcoming one or more of the above-mentioned 
problems. 

SUMMARY OF THE INVENTION 

A magnetic recording device is provided according to the present invention for magnetic 
recording on a recording medium. The magnetic recording device includes a magnetic pole and 
a C-aperture structure disposed adjacent to the magnetic pole. The C-aperture structure is 
positioned adjacent the magnetic pole such that light incident upon the C-aperture structure and a 
magnetic flux flowing through the magnetic pole are co-locatable on a recording medium 
disposed adjacent to the magnetic recording device. 

The magnetic recording device may include a focusing element which receives light from 
a light source. The focusing element focuses the received light onto the surface of the C-aperture 
structure to maximize the light received on the surface of the C-aperture structure and, 
accordingly, provided to the recording medium. 

The focusing element may include a planar waveguide receiving and focusing the light 
onto the C-aperture structure. The planar waveguide may include a core layer of material having 
a first optical index of refraction and planarized to the height of the C-aperture structure, and 
cladding layers disposed on opposite sides of the core layer and having a second optical index of 
refraction less that the first optical index of refraction. The top surface of the core layer may be 
convexly curved to act as a lens to focus the received light to the C-aperture structure. 

In one form, the C-aperture structure includes a layer of dielectric material having a third 
optical index of refraction disposed on the magnetic pole, and a layer of conductive material 
disposed on the layer of dielectric material. 
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The layer of dielectric material may have an optical index of refraction ranging between 
1.5 to 2.5. Such dielectric materials may include, but are not limited to, titanium oxide, tantalum 
oxide, aluminum oxide, silicon oxide, silicone nitride, zinc sulfide, and the like. The layer of 
conductive material may include conductors such as gold, silver, copper, aluminum, and the like. 

In a further form, the magnetic pole includes front, back, leading edge and trailing edge 
surfaces. The layers of dielectric material and conductive material are provided at the front, back 
and trailing edge surfaces of the magnetic pole forming the C-aperture type structure, such that 
the light propagating through the C-aperture structure is collected in that portion of the layer of 
dielectric material adjacent to the trailing edge surface of the magnetic pole at an air bearing 
surface of the magnetic recording device. 

In yet a further form, the C-aperture structure includes a transducer device disposed at the 
air bearing surface of the magnetic recording device for confining the light propagating through 
the C-aperture structure. 

In still a further form, the magnetic pole includes a pole tip at the air bearing surface of 
the magnetic recording device. The C-aperture structure is provided at the pole tip of the 
magnetic pole. 

It is an aspect of the present invention to efficiently deliver light, i.e., heat, to the same 
spot as the recording magnetic field. 

It is a further aspect of the present invention to utilize a C-aperture structure to efficiently 
co-locate light and a recording magnetic field at the same spot on a recording medium. 

It is still a further aspect of the present invention to co-locate optical and magnetic fields 
on a recording medium while minimizing the absorption and heating from the magnetic material. 
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Other aspects and advantages of the present invention can be obtained from the study of 
the specification, the drawings, and the appended claims. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a magnetic recording head according to the present 
invention; 

Fig. 2 is a front view of the magnetic recording head shown in Fig. 1; 

Fig. 3 is a perspective view of a magnetic recording head according to an alternate 
embodiment of the present invention; 

Fig. 4 is a perspective view of a magnetic recording head according to a further 
embodiment of the present invention; 

Fig. 5 is a left side view of the magnetic recording head shown in Fig. 4, with the 
cladding layer removed; 

Fig. 6 is an air bearing surface view of the main magnetic pole of the inventive magnetic 
recording head; and 

Fig. 7 is an air bearing surface view of the main magnetic pole of the inventive magnetic 
recording head illustrating the optical "hot spot". 
DETAILED DESCRIPTION OF THE INVENTION 

Figs. 1-2 illustrate a magnetic recording head, shown generally at 10, according to the 
present invention. The magnetic recording head 10 includes a main magnetic pole 12, a 
magnetic return pole 14, and a magnetic via 16 connecting the main 12 and return 14 magnetic 
poles. An electrically conductive magnetizing coil 18 is provided about the magnetic via 16 and 
is magnetically coupled to the main pole 12 to generate a write flux 20 through the main pole 12. 
One skilled in the art will recognize that the coil 18 may include a variable number of coil turns. 
Typically, the number of coil turns will be less than five, however, more coil turns may be 
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utilized depending on the application of the magnetic recording head 10. The write flux 20 flows 
into a recording medium (not shown) disposed adjacent the magnetic recording head 10 at an air 
bearing surface 21 thereof to write information onto the recording medium. The return pole 14 
and magnetic via 16 provide a return path for the flux 20. 

The magnetic recording head 10 further includes a C-aperture structure, shown generally 
at 22, provided adjacent to the main magnetic pole 12. The C-aperture structure 22 receives light 
from a light source 24 and allows the received light to propagate along its propagation axis 25 
(see Fig. 2). The C-aperture structure 22 includes a layer of dielectric material 26 deposited on 
the main magnetic pole 12. The dielectric layer 26 has a relatively high optical index of 
refraction, typically between 1 .5 and 2.5. Some materials that are contemplated for the dielectric 
layer 26 include titanium oxide, tantalum oxide, aluminum oxide, silicon oxide, silicon nitride 
and zinc sulfide, however, other materials having appropriate optical properties and indices of 
refraction may be utilized without departing from the spirit and scope of the present invention. 

The C-aperture structure 22 further includes a layer of conductive material 28 deposited 
on the dielectric layer 26. The conductive layer 28 may consist of any material having 
appropriate conductive properties. Examples of such materials that may be utilized for the 
conductive layer 28 include, but are not limited to, gold, silver, copper and aluminum. 

As shown in Figs. 1-2, the C-aperture structure 22 is provided about the main magnetic 
pole 12. The main magnetic pole 12 includes front 30, back 32, leading edge 34 and trailing 
edge 36 surfaces. The layers of dielectric material 26 and conductive material 28 are provided 
on the main magnetic pole 12 at its front 30, back 32 and trailing edge 36 surfaces to form the C- 
aperture type structure 22. While not specifically shown in Figs. 1-2, the dielectric 26 and 
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conductive 28 material layers may also be provided on the leading edge surface 34 of the main 
magnetic pole 12 without departing from the spirit and scope of the present invention. 

The C-aperture structure 22 generally includes opposing arm members 38 connected 
together at an end by a waist member 40, The opposing arm members 38 are provided adjacent 
the front 30 and back 32 edges of the main magnetic pole 12, while the waist member 40 is 
provided adjacent the trailing edge 36 of the main magnetic pole 12. As a result of this 
configuration, the light propagating through the C-aperture structure 22 will be collected in that 
portion of the dielectric layer 26 adjacent to the trailing edge surface 36 of the main magnetic 
pole 12 at the air bearing surface 21 of the recording head 10. 

The main magnetic pole 12 includes a pole tip portion 41 adjacent the air bearing surface 
21 of the recording head 10. The C-aperture structure 22 is provided about the main magnetic 
pole 12 at the pole tip portion 41 thereof. However, the C-aperture structure 22 may be provided 
about the main magnetic pole 12 at other portions thereof without departing from the spirit and 
scope of the present invention. 

As previously noted, the dielectric layer 26 has a relatively high optical index of 
refraction to allow the propagation of light therethrough. Typically, the main magnetic pole 12 
may be made of magnetic materials having a sufficiently low optical index of refraction, such as 
ferrites, and the like, however, the main magnetic pole 12 may also be made of opaque magnetic 
materials, such as metals, CoFe, NiFe, CoNiFe, etc. Light incident upon the surface of the C- 
aperture structure 22 propagates through the dielectric layer 26 and becomes confined, as it 
propagates therethrough to the air bearing surface 21, to that portion of the dielectric layer 26 
that is adjacent the trailing edge 36 of the main magnetic pole 12. To maximize the light that is 
incident upon the surface of the C-aperture structure 22, a focusing element 42 is provided, as 
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shown in Figs. 1-2. The focusing element 42 may be an optical lens, or other focusing structure, 
and receives light from the light source 24 and focuses the received light onto the surface of the 
C-aperture structure 22. The focusing element 42 may be attached to the main magnetic pole 12 
or to other elements (not shown) that form a part of the magnetic recording head 10. 

As shown in Fig. 3, the focusing element 42 may include a planar waveguide, shown 
generally at 44, for confining the light received from the light source 24 to the C-aperture 
structure 22. The planar waveguide 44 includes a core layer 46 of material having a high optical 
index of refraction and planarized to the height of the conductive layer 28 during manufacturing 
of the magnetic recording head 10. The planar waveguide 44 further includes cladding layers 48, 
50 of material having a relatively low optical index of refraction. For exemplary purposes only, 
the core layer 46 may have an optical index of refraction of approximately 2.4, and may include 
materials such as tantalum oxide, titanium oxide, and the like. Additionally, and for exemplary 
purposes only, the cladding layers 48 and 50 may have an optical index of refraction of 
approximately 1.6, and may include materials such as silicon oxide, aluminum oxide, and the 
like. 

By surrounding the core layer 46, which has a high optical index of refraction, with 
cladding layers 48 and 50, which have a low optical index of refraction, the planar waveguide 44 
will confine the light from the light source 24 to the core layer 46 and allow the light to 
propagate along the planar waveguide's 44 propagation axis and focus the propagated light in the 
general area of the C-aperture structure 22. As shown in Fig. 3, the top surface 52 of the core 
layer 46 includes a convex curvature in order to assist in focusing the light propagating through 
the planar waveguide 44 to the C-aperture structure 22. The top, convexly curved surface 52 acts 
as a lens to focus the light to the C-aperture structure 22. 



8 



Atty.Ref. No, 020818 

Figs. 4-5 illustrate an alternate embodiment of the planar waveguide, show generally at 
44', with like elements of Fig. 3 indicated with the same reference number and those elements 
requiring modification indicated with a prime ( f ). As shown in Figs. 4-5, the core layer 46 1 
includes a layer of high index material 54 having a relatively high optical index of refraction, and 
a layer of low index material 56 provided about the layer of high index material 54. The low 
index material layer 56 is typically provided about the top, front and back surfaces of the high 
index layer 54, as shown in Figs. 4-5. For exemplary purposes only, the high index layer 54 may 
include an optical index of refraction of approximately 2.4, and may include materials such as 
tantalum oxide, titanium oxide, and the like. Additionally, and for exemplary purposes only, the 
low index material layer 56 may include an optical index of refraction of approximately 2.0-2.2, 
and may include materials such as silicon nitride, silicon monoxide, zinc sulfide, tantalum oxide, 
and the like. 

By surrounding the core layer 46*, which includes material layers 54 and 56 having a 
relatively high optical index of refraction, with cladding layers 48 and 50 having a relatively low 
optical index of refraction, the planar waveguide 44 f will confine the light from the light source 
24 to the core layer 46' and allow the light to propagate along the planar waveguide's 44 1 
propagation axis to the surface of the C-aperture structure 22. As shown in Figs. 4-5, the top 
surface 58 of the high index layer 54 includes a convex curvature to assist in focusing the light 
propagating through the planar waveguide 44 1 to the C-aperture structure 22. The top, convexly 
curved surface 58 acts as a lens to focus the light to the C-aperture structure 22. Fig. 5 best 
illustrates the focusing of the light achieved by the convex top surface 58. While the front 59 
and back 60 surfaces of the high index layer 54 are illustrated in Fig. 5 as extending substantially 
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vertical, the front 59 and back 60 surfaces may be angled toward or away from the C-aperture 
structure 22 without departing from the spirit and scope of the present invention. 

Thus, by either using a focusing element 42 in general, or the planar waveguides 44 and 
44' shown in Figs. 3-5, the light received from the light source 24 is focused to the surface of the 
C-aperture structure 22. This maximizes the amount of light received by the C-aperture structure 
22 and, accordingly, increases the amount of light that maybe focused onto the recording 
medium (not shown) to assist in the recording process. 

To assist in focusing the light propagating through the C-aperture structure 22 to an 
optical spot on a recording medium (not shown), the C-aperture structure 22 may further include 
a transducer device disposed at the air bearing surface 21 {see Fig. 6). As shown in Fig. 6, the 
transducer device 61 is provided in that portion of the dielectric layer 26 that is adjacent the 
trailing edge 36 of the main magnetic pole 12, since this is where the majority of the light will be 
concentrated when it reaches the air bearing surface 21. The transducer device 61 confines and 
focuses the light propagating through the C-aperture structure 22, and enables the optical spot 
and magnetic flux to be co-located on a recording medium (not shown) positioned adjacent to the 
air bearing surface 21 of the magnetic recording head 10. The transducer device 61 may include 
a metal material, such as aluminum, and the like, deposited on an end of the dielectric layer 26 at 
the air bearing surface 21, with an aperture 62 formed in the metal material. Additionally, a solid 
immersion lens (SIL) device (not shown) could replace the transducer device 61 to properly 
focus the light propagating through the C-aperture structure 22. The SIL device may be formed 
in the C-aperture structure 22 by doping a portion of the dielectric layer 26 near the air bearing 
surface 21 to confine and focus the light to an optical spot. One skilled in the art will appreciate 
that other methods and/or structures of confining and focusing light propagating through the C- 
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aperture 22 structure may be utilized without departing from the spirit and scope of the present 
invention. 

As shown in Fig. 7, the light propagating through the C-aperture structure 22 will be 
confined to the dielectric layer 26 and focused in that portion of the dielectric layer 26 adjacent 
the trailing edge 36 of the main magnetic pole 12. Fig. 7 illustrates the "hot spot", shown at 64, 
formed by the light propagating through the C-aperture structure 22. As shown in Fig. 7, the hot 
spot 64 is formed at the air bearing surface 21 at that portion of the dielectric layer 26 adjacent 
the trailing edge 36 of the main magnetic pole 12. 

By co-locating the optical spot with the magnetic flux on a magnetic recording medium, 
the light will reduce the coercivity of the recording medium only during recording, which in turn 
will help achieve higher storage densities on the recording medium. When the recording 
medium is subsequently cooled, the information on the medium is thermally stable due to the 
high coercivity of the recording medium. Typically, the thicknesses and the dimensions of the 
layers of dielectric material 26 and conductive material 28 will be governed by the intended 
application of the magnetic recording device 10, and such thicknesses and dimensions are readily 
ascertainable by one of ordinary skill in the art. 

By way of example only, and referring to Fig. 6, typically the main magnetic pole 12 
includes a thickness / of approximately 2-20 microns. It is contemplated herein that the 
dielectric layer 26 of the C-aperture device 22 will have a length / of approximately 0.5 A,, where 
X is the wavelength of the light propagating through the C-aperture structure 22. The conductive 
layer 28 may have a length /' of approximate 5X. While the height of the dielectric layer 26 will 
depend on the size of the main magnetic pole 12, it is contemplated herein that the height h of the 
C-aperture structure 22 will be approximately 5-20A,. Similarly, the height h ' of the core layer 
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46,46' and the height h" of the cladding layers 48,50, will also be approximately 5-20A, {see Figs. 
3-4). While the thickness of the C-aperture structure 22 will depend on the height of the pole tip 
41 of the main magnetic pole 12, a proposed thickness of the C-aperture structure 22 is 
approximately 50-100 nanometers. As previously noted, other lengths, heights and thicknesses 
may be utilized without departing from the spirit and scope of the present invention. 

While the present invention has been described with particular reference to the drawings, 
it should be understood that various modifications could be made without departing from the 
spirit and scope of the present invention. 
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